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Technical Note
Double Label Autoradiography - an Im1
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A convenient method for double-label autoradiography is
described that uses an aqueous mountant, Gelutol (poly-
vinyl alcohol), which keeps the gelatin spacer in the final
autoradiograph permanently swollen to a thickness of
around 18 tm in contrast to its 5 tm thickness during cx-
posure ofthe autoradiograph. This greatly improves optical
Introduction
The simultaneous use of two radioactive tracers labeled with iso-
topes with different energies (e.g. , ‘4C and 3H) is particularly use-
ful for analyses of kinetic phenomena in cells, for example, cell
cycle analysis (Baserga, 1962; Schultze et al., 1972; Maurer-
Schultze, 1982). Although a single layer of autoradiographic
emulsion allows some discrimination between cells labeled with
3H only, for cells labeled with 14C only or with both 3H and ‘4C
two layers of emulsion separated by an inert spacer works much
better (Schultze et al., 1976). Autoradiographs produced by ‘4C
and 3H can be distinguished because 3 particles of 14C (Emax
156 kEy) penetrate the spacer and register in the upper layer, and
t3particles of 3H (Emax 18 kEy) cannot penetrate the spacer and
register only in the lower layer. Using a thick spacer (e.g., 5 .tm)
allows four populations of cells to be distinguished: cells labeled
with 3H only, with ‘4C only, with both 3H and 14C, and with nei-
ther. However, if the silver grains from the two isotopes lie in
closely adjacent focal planes, discrimination between the au-
toradiographs in the two layers can be difficult. Ibr example, ob-
servation of an 3H autoradiograph in the lower layer of emulsion
may be obscured by an intense 14C autoradiograph in the upper
emulsion. We describe here a simple addition to the technique of
Schultze et al. (1976).
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discrimination between upper and lower layers without the
loss ofsensitivity or resolution that would result ifa 18 tm
spacer were used during exposure.
KEY WORDS: Double label autoradiography; [3HJ-thymidine;
[14C)-thymidine.
Materials and Methods
To illustrate the method, we describe part of an experiment on the kinetics
ofentry into S phase of 3T3 cells following deprivation of isoleucine. 3T3
cells were labeled with [3Hj-thymidine (10 MCi/ml) for 20 mm, and then
the [3H]-thymidine-containing medium was replaced with medium con-
taming [‘4CJ-thymidine and lacking isoleucine. The experiment was de-
signed to show whether any cells can initiate DNA synthesis in the absence
of isoleucine; these would be identified as labeled with ‘4C only. At inter-
vals after addition of [‘4CJ-thymidine, cells were released by trypsiniza-
tion, fixed in methanol-acetic acid (31), spread on glass slides, washed,
and air dried.
The first layer of emulsion was applied by dipping slides into Kodak
NTB-2 diluted 1 :i with distilled water. The slides were dried vertically, cx-
posed in the dark for 18 hr, developed for 4 mm in Kodak D-19, fixed,
washed, and dried. A spacer layer was applied by dipping slides in a 10%
solution of gelatin in distilled water. This was prepared at 42#{176}Cand used
at exactly 30#{176}C,which gave a reproducible thickness of 5 pm. The slides
were dried vertically for 2 hr and then fixed in formalin (35% formalin
and water, 1:4), for 20 mm, rinsed in distilled water, and dried. Finally,
the upper layer ofemulsion was applied by dipping in undiluted NTB-2.
The slides were again dried vertically and exposed in a light-tight box at
4#{176}Cfor 14 days, then developed, fixed, and washed as for the lower layer.
Slides were stained with Gicmsa, rinsed in water, and mounted while
still wet using an aqueous mountant containing Gelutol (polyvinyl alco-
hol, Monsanto Chemicals, St. Louis, MO). This was prepared as described
by Heimer and Taylor (1974) for immunofluorescence studies. Briefly,
1.2 g Gelutol (grade 51-05) was thoroughly mixed with 3 g ofglyccrol, and
then 3 ml distilled water was added. The mixture was let stand for 4 hr
at room temperature, then 6 ml 0.1 M Tnis buffer (pH 8.5) was added and
the solution kept at 50#{176}Cfor 10 mm with occasional agitation to dissolve
the Gelutol. Finally, the mixture was centrifuged at 3000 rpm for 15 mm
and the supernatant stored at 4#{176}C.The Gelutol hardens and sets to give
a permanent preparation but does not allow the gelatin to dry. As a result,
the middle gelatin layer remains permanently swollen, giving a spacer
thickness of 17.9 ± 0.5 .tm, compared with 5 pm in a conventional non-
aqueous mountant.
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Results
Figures 1 and 2 show that in the autoradiographs resulting from
our technique the lower and upper layers of emulsion can be
brought into focus separately even at low magnification. The same
effect could not have been achieved by simply using a thicker
spacer layer at the outset, since this would cause a substantial de-
crease in sensitivity of ‘4C labeling in the upper layers. It can be
calculated (Baserga and Nemeroff, 1962) that approximately 13%
of Is-emissions are stopped by a 5 .tm spacer and that this increases
to 35 % for a 18 im spacer. In addition, the greater separation of
source and emulsion would decrease resolution. By carrying out
the autoradiographic exposure with a dry spacer of 5 tm and sub-
sequently examining the autoradiograph with the spacer per-
manently swollen to 18 tm, the present technique avoids these
drawbacks.
We have used this modification of the method of Schultze et
al. (1976) in analyzing cell cycle kinetics and find that it is both
technically simple to carry out and gives highly reproducible
results.
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Figure 2. Double label autoradiograph. (A) Focused on the lower layer of
emulsion; (B)focused on the upper layer. Two patterns oflabeling can be distin-
guished: 1) cell labeled with 3H only, H (grains in the lower layer only); 2) cells
double labeled with 3H and “C, D (grains in lower layer plus tracks in upper).
Giemsa stain. Original magnification x 400.
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